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APPARATUS FOR GENERATING A CHARACTER PATTERN FOR A SERIAL PRINTER

The present invention relates to a character pattern
generation apparatus for producing dots based on outline data
indicative of a contour of a character or a figure, and more
particularly to a character pattern generation apparatus
suitably used for a serial printer which prints a piece of

outline data by a plurality of printing passes.

An outline font has varicu; advantages in that, since
a character or a pattern to be printed is stored in the form of
its contour data, the amount of memory capacity can be raduced
to store the data as compared with bit map data representing a
character or a pattern by dots, and in that the quality of a
printed character is not deteriorated even when the size of the
character is reduced or magnified.

When a serial printer prints a pattern which is spread

over an area greater than a width of a printing vpass, <he
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rforms a plurality of printing passss to
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complete the printing of the pattern while feeding a sheet in
such a menner that the interline space is zero.

When a lgure which is indicated by an outline font is
printed by the above-mentioned printing method, coordinates of

DAL

reference points constituting the outline font are converted
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'BACKGROUND OF THE | NVENTI ON 1. Field of the Invention The present
I nvention relates to a character pattern generati on apparatus for prodUC|ng

dots based on out- line data indicative of a contour “QL.
figure, and nore particularly to a character pattern o-neratmgﬁ; ‘B%@h us

suitably used for a serial printer which prints a piece of 0u
a plurality of . -

.into coordinate values in accordance- wiﬁh a degree of
magnification which is designated by attribute data. The
coordinate values are converted into bit map data. Then, only
bit data which correspond_-to a first printing pass are
extracted, and the printing is performed for the first orinting
pass. Then, bit map data in accordance with the degree of
magnification are generated from the same outline data in the
Same manner as described above, and only bif data corresponding
to a second printing pass are extracted, and then the pPrinting
for the second printing pass is performed. The above Drocess
is sequentially repeated.

As described above, bit map data in accordance with a
degree of magnification designatéd by attribute data are
generated for each printing pass. Then, only the part of bit
data which corresponds to the current printing pass is
Segmented. Therefore, the opération of converting the outline
font data into bit data is required even for a portion not
related to the printing, with the result that it takes a
prolonged period of time to output bit map data. Moreover, in
Oorder to store bit data for all the area of the magnified

Character, a memory having a large capacity is reguired.
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ne present invention has been conducted in view of the
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above-mentioned problems, and an object of the in

brovide a bit map data generation apparatus for a s=rial
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printing passes.. 2. Prior Art An outline font has various advant ages
in that, since a character or a pattern to be printed is stored in the form
df its contour data, the anmpunt of menory capac- ity can be reduced to
store the data as conpared with bit nap data rep T haracter or a
pattern by dots, and in that the quality of a pr KB s 8Emy § not
deteriorated even when the size of the character EPLACED

printer in which a developing time can be shortened and the
capacity of a working memory can be reduced. This object is
solved .by the apparatus of independent claim 1. Further
advantageous features and aspects of the invention are evident
from the dependent claims, the description and drawings. The
claims are intended to be understood as a first non-limiting

approach of defining the invention in general terms.

According to a preferred aspect of the invention, a character
pattern generation apparatus for a serial printer comprises:
contour data storing means for storing contour data
representing a contour of a pattern correspondingly to a
character code, said contour data including starting point
coordinate data, end point coordinate data, and line type data
which designates a type of a line Jjoining coordinates
indicated by said coordinate data with each other; means for
reading said contour data based on said character code stored
in an input buffer; operation means for calculating starting
point coordinate data and end point coordinate data, based on
a degree of magnification which is designated by attribute
data stored in said input buffer, and said starting point
coordinate data and said end point coordinate data, and for
outputting coordinates of a starting point and coordinates of
an end point, said starting point and end point being in a
current pass area; contour reproducing means for'outputting
punctual coordinates of a contour which are obtained by
joining said coordinates of the starting point with
coordinates of the end point output from said operation means,
using a line the type of which is designated by said line type
data; and means for outputting bit data based on said punctual

coordinates of the contour.
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‘ducéd "or magni fi ed. When a serial printer prints a pattern which is
spread over an area greater than a width of a p IRt BREES S +he-seri al
printer performs a plurality of printing passes{to cg BN rinting of
the pattern while feeding a sheet in such a manmer—tfat—+ Lntefl i ne space
I's zero. When a figure which is indicated by an outline font is printed
by the above-nentioned printing nmethod, coor- dinates of reference points
constituting the outline font '

The starting point coordinate data and end point

coordinate data which are read from the contour data storing
means are converted by the operatioﬁ means into new coordinate
data in accordance with a requirgd degree of magnification.
Among the coordinate data calculated by the operation means,
only the data related to the contour in a current printing pass
are extracted. The extracted data are converted into dot data.
The above process is executed for each printing pass, so that
only the coordinate data required for a current printing pass
are converted into dot data. Therefore, it is unnecessary to
perform a dot conversion for data of an area which is not

related to the printing.

bl

Fig. 1 is a block diagram showing functions of a
microcomputer which constitutes a character pattern generation

apparatus of the invention;

h

Fig. 2 is a block diagram showing the configuration of
a character pattern generation apparatus for serial printer
according to an embodiment of the invention;

Fig. 3 is a diagram schematically showing an outline
font stored in a contour data storing apparatus;

Fig. 4 is a flowchart showing the operaticn of the

embodiment;
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‘aret converted into coordi nate values in accordance with a degree of
magni fication which is designated by attribute data The coordi nat e val ues

are-'converted into bit nmap data. Then, only bit h-sorrespond to a
first printing pass are extracted, ‘and the prlnt AST i for the
first printing pass. Then, bit map data i n accor'daree N EPhe debree of
magni fication are gener- ated fromthe same outline data in the sane manner
as descri bed above, and only bit data corresponding to a

Fig. 5 is a diagram showing coordinates in a case where

the outline font stored in the contour data storing apparatus
is magnified three times; and
Figs. 6(I), 6(II), and 6(III) are diagrams each showing

the relationship between a printing pass and a bit data

conversion area.

An embodiment of the invention will be described in
detail with reference to the accompanying figures.

Fig. 2 shows a character pattern generation apparatus
according to an embodiment of the invention. In Fig. 2, the
reference numeral 1 denotes a contour data storing device. The
contour data storing device 1 stores contour data which
represent the contour line of a character or a pattern,
‘correspondingly to a character éode. The contour data consist

the number of data, reference points of a plurality of

rh

o]
lines, which represent a pattern, i.e., X coordinate values and
Y coordinate values of the starting points and the end points,
and line type data that specify the type of line joining the
starting point and the end point with each other, e.g., a
straight line or a parabola.

The reference numeral 3 denotes a microcomputer which

mep data generation device. The

ct

constitutes a bi

microcomputer 3 is so programmed a&s to output bit map data in
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~second printing pass are extracted, and then the printing for the second
prlntlng pass is perfornmed. The above process i s sequentlally r epeat ed.
_As described above, bit map data in accordance Wi

“magni fication designated by attribute data are
pass. Then, only the part of bit data which corre
printing pass is segnented. Therefore, the operation o
outline font data into bit data is required even for

printing
rent
I ng the

accordance with a character code and attribute data in an input
buffer 2 to a printing buffer 4.

Fig. 1 is a block diagram of the character pattern generating
apparatus showing functions to be ;érformed e.g. by the above-menticned

microcomputer 3. In Fig. 1, the reference numeral 10 denotes contour data

reading means which accesses the contour data storing device 1 based on the
character code in the input buffer 2, and outputs contour data.
The reference numeral 11 denotes coordinate operation means
which, based on a degree of magnification designated by
attribute data stored in the input buffer 2 and the reference
point coordinate data of the read-out contour data, calculates
new reference point coordinate data in accordance with the
degrse of magnification. The reference numeral 12 denotes
segmentation means which sets the coordinates of reference
points from the coordinate operation means 11 as coordinates of
a starting point and end point, and which calculates, in the

he

ct

contour line of the designated line type and joining
coordinates of these starting point and end point, the
coordinates of a starting point and end point that exist in a
pass to be printed. The reference numeral 13 denotes
contour-in pass reproducing means for outputting to a working
memory 14 data of the contour which is obtained by joining the
coordinates of the starting point and end point calculated by
the segmentation means 12, using the line the type of which is
designated by the line type dataza. The reference numeral 15

denotes bit data conversion means. In this embodiment, the bit
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a=pprt?on not related to the printing, with the result that it takes a
prol onged period of tine to output bit nmap data. , in order to
sStore bit data for all the area

data conversion means 15 is so constructed as-to represent the
contour line calculated by the contour in the pass reproducing
means 13, in the form of bits, and to in the sequence of the
main scanning direction perform a .logical calculation on the
bits to geherate bit data within the area surrounded by the
contour line. |

The operation of the apparatus thus organized will be
described in an exemplary case where bit map data are generated
by magnifying outline data shown in Fig. 3 three times, with
reference to a flowchart of Fig. ¢.

wWhen an instruction to print is input (step S1), the
contour data reading means 10 reads a character code stored ih
the input buffer 2, and magnification data associated with the
data, and then reads out contour data corresponding to the
character code from the contour data storing device 1 (step
S2). The coordinate operation means 11 célculates coordinate
values of respective reference points P0O’, Pi’, P27, P37 eee.
Pn’ which are obtained by magnifying coordinate wvalues of
reference points PO, P1, P2, P3 ++«. Pn a designated number of
times that is designated by attribute data (step S2) (Fig. 5).
The ssgmentation means 12 defines an area which coincidas with
a current printing pass (step Sé)(Fig. 6 (I)). Among the

~

calculated reference points Pp0‘, Pl’, P2’, P3'... Pn’, a

area shown dy Fig. 5(I) is retrieved. The retrievad reference

point is joined with a Davrod reference point which serves as
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of 't'“he'magni fied 6hér acter, a mermory having a large
SUWARY OF THE | NVENTI ON The present invention hay

of

the end point, using a line the t&?e of which is désignated by
the line type data (in this embodiment, a straiqht'line) (step
S§5). Specifically, when the reference point PO’ is assumed to
be a starting point, the ref;rence point Pl‘’ is the paired end
point. These reference points are joined with each other using
a straight line, and it is judged whether the straight line is
within the area of the current printing pass shown by Fig. 6(I)
or not (step S6). In this example, since a part of the
straight line is not within the area of the current pass, a
reference point P11l which is the lower limit in the area is
calculated (Fig. 6(I)), and the coordinates of the reference
point P11l are stored as a starting point in the next pass (step
S§8). The contour-in pass reproducing means 13 reproduces by
dots in the working memory 14 a line which joins the starting
point PO’ with the calculated reference point P11l (step S9).
When an operation for a pair of starting and end points is
completed (step S10), the process returns to step S5 where a
reference point which is another starting point in the current
pass is retrieved. 1In this example, the reference point PO’
serves as a starting point of another contour line which
terminatas at the reference point P2‘. In the same manner as
described above, therefore, a lower limit point 212 in the
current pass is stored as the starting point of the next
printing pass (step S8), and the line in the current pass is
eprcduced by dots in thes working memory 14 (step S§).

——————

e e
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t he “abeve- nenti oned problens, and an object of the invention is to provide
a b|t map data generati-on appa- ratus for a serial in which a

be reduced. In order to solve the above-nenti oned
pattern generation apparatus for a serial printer accortt
I nvention conprises: contour data storing neans for stori

representing .
It 1s a matter of course that the process of obtaining

a line joining a Starting point with an end peint is performed
only by a numérical calculation. In this stage, therefore, a
memory for developing bit d;ta is not reguired.

When all the dot data for constituting the lines the
type of which is designated by the line type data and which
joins reference points of starting and end points with each
other have been developed in the working memory 14 (step 510},
the bit data conversion means 15 performs logical calculations
on tne data developed in the working memory 14, beginning with
the starting address and proceeding in the row direction. In
the logical calculations, an exclusive OR operation of the
current address and an address proceeding or succeeding the
current address is conducted, and the result of this exclusive
OR operation is Qritten into the current address, so that data
indicative of dots (for example "1l") ars written only in the
area surrounded by the line. When the logical operations are
completed, these dot data are output to the ting buffer 4
(step S11). In the same manner as in a usual printing, the dot
data in the printing buffer 4 are output to a printing head 5
via a drive circuit (not shown).

For the generation of bits within a region specified by
contour data, various methods may be employed. However, it is
obvious to thoss skilled in the art that, even when the contour

line is once represented by bit data and then bits are
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a contour of a pattern correspondingly to a character code, said contour
data including starting point coordi- nate data, end point coordinate data,
and Tine type data which designates a type of a |inegjsod T at es

i ndi cated by said coordinate data with each ot her, neané?%ﬁﬁ%ﬁk@ﬁ#h; sai d
contour data based on said char- acter code stored T am—Tapee—bubillr ;
operation neans for calculating starting point coordinate data and end
poi nt coordi nate data, based on a degree of nmgnification

generated by logical operations, a required memory width may be

the same as the size of the printing buffer.
When the printing for the first pass is completed (step

S12), the segmentation means 12 defines a second printing pass

(3

PxJ

ig. 6(II)) (step S4). The reference point of a starting

cint in the second printing pass is joined with that of a

g

paired end point by a line the type of which is designated by
the line type data. In the second printing pass, the reference
point P11 which is obtained in the previous calculation serves
as an upper limit and starting point, and the references point
Pl’ serves as an end point. These reference points are joined
with each other by a line segment the type of which is
designated by the line type data (step S5). Since a part of
this joining line is not within the second printing pass area,
a lower T' nit point P13 in the second pass is calculated in the
above-mentioned manner, and the coordinates of the point P13
are stored as a starting point in the third printing pass (Fig.
6(IIL) (step S8). Then, a line which joins the reference point
Pll with the reference point P13 is reproduced by dots in the
working memory 14 (step S9).

When an operation for one reference point is completed,

a next operation for a reference point P3’ which is zanother

starting point is performed. The reference point P3’ and a
reference point P4’ which is an end point paired with the
reference point P3’ are both in the current pass (st2p S§5), so

that the points P3’ and P4‘ are joined with each other by a

e
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whi ch i's desi gnat ed by attribute data stored in sald i nput buffer, and said
starting point coordinate data and said end point te data, and for
outputting coordi- nates of a starting point and R nd
point, said starting point and end point being in
contour reproducing nmeans for outputting punc- tual coord nat&€s~of~a
contour which are obtained by joining said coordinates of the starting

point with coor- dinates of t he end poi nt output from said operation
line Lhe type of which is designated by the line type data.

This line 'is reproduced by dots in the working memory 14.
Similarly, a line which joins the reference point P3’ with
another paired reference éoiﬁf PS5’ is reproduced by dots in thé
working memory 14 (step S7).

When operations for all the reference points in the
second printing pass are completed in this way, the bit data
conversion means 15 converts the data in the working memory 14
into dot data in the above-mentioned manner, and the converted
dot data are output to the printing'buffer (step S11).

Wnen the printing for the second printing pass is
completed (step S12), an area of the third printing pass (Fig
6(IIX)) is defined (step S4), and the same operations are
executed on reference points P13 and P14 in this area.

When the printing for the character code stored in the
input buffer is completed in this way, the-host apparatus 1is
requested to output the following data and the process
described above is repeated.

For the simplicity of description, the embodiment where

a single character code is input in the input buffer has been
described. It is obvious to those skilled in the art that, in
another case where a plurality of character codes are input in
the input buffer, the above-mentioned process is repeated for

each of the character codes so that bit data magnified to a

degree designated by attribute data can be produced
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means,” using a line the type of which is designated by said |line type data,;
and neans for outputting bit data based on said punctual coordi nates of the
contour . The starting point coordinate data a LoL..coordi nate data
whi ch are read fromthe contour data storing nmeg : %Tohav.%lstad by the
operation neans into new coordinate data in acce EPLAEED a required
degree of magnification. Anong the coordinate data cal cul ated Byt he
operation neans, only the data rel ated

In the embodiment, a single develoo;ng memory is used.

Alternatively, a plurality of developing buffer memories (e.qg.,
two developing buffer memories) may be used. In this case,
data for a next pass can be ééveloped into bit map data during
a2 printing process, resulting in the data process speed being
improved.
Moreover, in the above-mentioned embodiment, a
magnified character is printed using outline font data which
re prepared as reference data. It is obvious to those skilled
in the art that, even when a reduced character is to be printed
using outline font data which are prepared as reference data,
the character can be reduced to a desired size by the
above-mentioned process.
As described above, according to a specific aspect of the
invention, the character pattern generation apparatus for a serial printer
comprises: contour data storing means for storing contour data
representing a contour of a pattern correspondingly to a
character code, said contour data including starting point
coordinate data, end point coordinate data, and line_type data
which designates a type of a line joining coordinates indicated
by said coordinate data with each other; means for reading szid
contour data based on a character code stored in an input
buffer; operation means for calculating starting point
coordinate data and end point coordinate data, based on a
degree of magnification which is designated by attribute daza

stored in said input buffer, and said starting point coordinate
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-to t'he contour

In a current printing pass are extracted. The extracted data

are-converted into dot data. The above process is executed for each

printing pass,

so that only the coordi nate data r{egy [ ent
printing pass are converted into dot data. Theref essary
to performa dot conversion for data of an area ed to the

printing.

data and said end point coordinate data, and for outputting

coordinates of a starting point and coordinates of an end

point,

said starting point and end point being in a current

pass area; contour reproducing means for outputting punctual

coordinates of a contour which are obtained by joining said

cocordinates of the starting point with coordinates of the end

oint

‘g

output from said operation means, using a line the type

of which is designated by said line type data; and means for

outputting bit data based on said punctual coordinates of the

contour.

performing an operation only for bit data necessary for

Therefore, the printing can be performed Db

<

fu

single printing pass. This means that, unlike the pricr art,

the operation of converting coordinate data into bit data which

are unnecessary for printing the current pass is not reguired.

According to the invention, therefore, a high-speed printing

can be real

reducad

ized and a2 memory for bit map data conversion can be

in size.
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An apparatus for generating a character pattern for a serial

CLAIMS

printer, comprising:
input buffer (2) for storing a character code and attribute

data which designates a degree of magnification;

contour data storing means (1)} for storing contour data
representing a contour of a pattern correspondingly to said
character code, said contour data including starting point
coordinate data, end point coordinate data, and line type data
which designates a type o0f a 1line joining coordinates
indicated by said starting and end coordinate data with each

other;

means (10) for reading said contour data from said contour
data storing means (1) according to said character code stored

in said input buffer;

operation means (11) for calculating starting point coordinate
data and end point coordinate data, according to said degree
of magnification which is designated by said attribute data
stored in said input buffer (2), said starting point
coordinate data and said end point coordinate data, to output
coordinates of a starting point and coordinates of an end
point, said starting point and end point being in a current

pass area;

contour reproducing means (13) for joining said coordinates of
the starting point with said coordinates of the end point
output from said operation means (11) by a line the type of
which is designated by said line type data, to reproduce

punctual coordinates of a contour; and

means (15) for converting said punctual coordinates of the
contour from said contour reproducing means (13) into bit data

to output said converted bit data.
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‘BRI EF :DESCRI PTI ON"OF~FHE- DRAWNGS FIG 1 is a block di agr am show ng

functions of a nlcr ch constitutes a character pattern
gener ation apparat n; FIG 2 i ' :
the configuration of” afchar ‘tern generatijon appags i _ﬁﬁN eria

printer according to an enbodlnent of the inventi©o aJ di agr am
schematically show ng an outline fontzstored In a contour data storing

appar at us; TeT

show ng

C

2. An apparatus as claimed in claim 1, wherein said contour
reproducing means (13) reproduces said punctual coordinates of

a contour by a numerical calculation.

3. An apparatus as claimed in claim 1 or 2, further comprising a
working memory (14) for developing dot data from said punctual
coordinates of the contour output from said contour

repreducing means.

>

An apparatus as claimed in claim 3, wherein said converting
means (15) performs logical calculations on said dot data
developed by said working memory (14) from said coordinates of

the starting point in a row direction.

e e
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FIG* 4 is a flowchart showing the operation of the enbodi nent; FIG 5is
a di.agram showi ng coordinates in a case where the outline font stored in

tthe contour data storing apparatus is magnified thr |GS.
6(1), 6(11), and 6(111) are di agrams each show ing tRE SHEEAHASREEND

between a printing pass and a bit data conversion REPLACEDDETAI
DESCRI PTI ON OF THE

ABSTRACT

A character pattern generation apparatus for a serial printer,
comprises an input buffer (2)-for storing a character code and
attribute data; contour data storing means (1) for storing contour
data representing a contour of a pattern correspondingly to the
character code, the contour data including starting point
coordinate data, and point coordinate data, and line type data;
means (10) for reading the contour data from the contour data
storing means (1) according to the character code stored in the
input buffer (2); operation means (11) for calculating new
starting point coordinate data and new end point coordinate data,
according to the degree of magnification which is designated by
the attribute data, the starting point coordinate data and the end
point coordinate data, to output coordinates of a starting point
and coordinates of an end point, the starting point and end point
being in a current pass area; contour reproducing means (13) for
joining the coordinates of the starting point with the coordinates
of the end point output from the operation means by a line the
type of which is designated by the line type data, to reproduce
punctual coordinates of a contour; and means (15) for converting
the punctual coordinates of +the contour from the contour
reproducing means (13) into bit data to output the converted bit

data.
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JPREFERREE»EMMﬁIbNENTS An enbodi nent of the invention will be described in
det&ﬁl“ﬁnbhd&@&erence to the acconpanylng figures. FIG 2 shows a :
character pattern generation appara- tus accprfi\GHEE: JUG & -|nent of the
invention. In FIG 2, the reference nuneral dethEp§A@ED BFN g datf

storing device. The contour data storing device whi ch
represent the contour line of. a char- acter or a pattern, correspondi ngly

to a character code.
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The gaptowr data consist of the nunmber of data, refer- ence points of a
plur &by, tep %I ‘LF‘F&%_’é’FaWﬂnch represent a pattern, i.e., X coordinate val ues
and ¥ LORK( @ég'g?k% - ues of the starting pes the end points,,_and
line type da Tat specify the type of i neTHSi SHEEG HAven L’t- ing/ﬁgint
and the end point with each other, e.g., at@%ﬁ;ﬂ par abol

The reference nuneral 3 denotes a m croconputer IC tutes a bit
map data generation device. The .

FI1G 2
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'm&ﬁﬁgmgﬁ@.—ﬁjﬂa§ programmed as to out put b|t map data in accor dance

w»telwa:’@bﬁhfégt_fcgncoeand attribute data in an I 2to /
prEifeig Sadcherp 4. FIG 1 is a block diagra WSHEE: ~-i-ans t g

‘perfornmed by the above-nenti oned m croconputer 3 rREFi,@E- g reference
nuneral 10 denotes contour data Ff@g ans whi ch acte ¢ contour
data storing device 1 based on the arageer code in the input ~buffer 2,

and outputs contour data. The reference nu-

P2
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denotes coordlnate oper ati on neans mhlch

based on a degree of

neuggk&
Mgl ﬁoaggﬁgnﬁied by attri- bute data stored in the input /%ger 5
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nuneral 12 denotes segnentation neans which sets the %, Late of—— '
reference paints fromthe coordi nate operation neans ¥@§!ﬁi%$ g'BFE§ of a
st'arting point and end point, and which cal cul ates, ib-the ling of

the designated |ine type and joining the coordlnates of these starting

poi nt and end point, the coordinates of a starting point and end point that
13 denotes contour-in

exist in a pass to be printed. The reference nuneral
pass reproduci ng neans fo utting to a working
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menor'y 14 data of the contour- which is obtained by joi ning the coordinates .
~of the starting point and end point calculated by the segmentation neans

12, using the line the type of which is de5|gnated dat a.
The reference nuneral 15 denotes bit data conver- NREHFISHAS BEEMIi|S
enbodi nent, the bit data conversion neans 15 is so nnc#ﬁﬁ%@%%Das t

represent the contour line calculated by the contour in the pass
reproduci ng neans 13, in the formof bits, and to in the sequence of

FIG. 3

FIG. 5

This Sheet Has Been Rep
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the nfain scanning direction performa logical calcula- tion on the bits to

FIG 3 three tinmes, with reference to a flowhart of FIG 4. ;
I nstruction to print is input (step S1), the contour data readi ng neans 10

reads a character code
FIG. 4
((START ) _

&
ad

) 4

31 NO
INPUT PRINT INSTRUCTION
? .

YES
READ OQUT CHARACTER CODE AND ~-S2
ATTRIBUTE DATA FROM INPUT BUFFER
v
CALCULATE REFERENCE POINT 53
COORDINATES AFTER MAGNIFICATION
> S8
A 4 v /
[ DEFINE CURRENTAPRINT PASS AREA | CALCULATE LOWER

“s4 || LIMIT COORDINATES

2

JOIN STARTING POINT AND END POINT WITHIN CURRENT

BY LINE WHOSE TYPE IS DESIGNATED PASS AND STORE THE
BY LINE TYPE DATA COORDINATES AS

~ STARTING POINT
IN THE NETT PASS
QUTPUT DOTS
CORRESPONDING TO
LINE WITHIN
L_OUTPUT DOTS JOINING TWO POINTS | CURRENT ﬁASS AREA

~
S9

S6 WITHIN

DEVELOPMENT FOR
LL THE DATA WITHIN CURRENT PAS
AREA COMPLETED ?

NO

S10

CONVERT DEVELOPED DATA INTO 311
DOT DATA AND PRINT IT

PRINTING
FOR MAGNIFIED CHARACTER
OMPLETED ?

S12
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stored in the I nput buffer 2, and mag'nification data associated with t he
data, and then reads out contour data corresponding to the character code
fromthe con- tour data storing device 1 (step S2). [T

operation neans 11 cal cul ates coordinate val ues of ence
points PO', P1, P2', P3'. . . Pn' which are obtai ned—byuaf
coordi nate val ues of refer- ence points PO, P1, P2, P3 ... gnat ed

nunber of times that is designated by attribute data (step S3)

FIG. 6(1) | -

PO’

A

P11 P12

P11 P12

FIG. 6(I) P3’

PL P5’

P13 P& PT Pl

P13 P14

FIG. 6(I)

PY; P8’ P9y’ P2
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(FIG 5). The segnentation nmeans 12 defines an aﬁmAEﬂEnm ?H'EE’FCI des ng;;’é,_'g
scurrent printing pass (step S4) (FIG 6 (I)) AN tled

“reference points PO', IJ:I‘HIS BHEET a fejerence point fwhi ch serves
as a starting point in|the dedi BF% shown by | FIAG NBYI 1996s |rdtri eved.
The retrieved reference pormt—rs—e+peddiwi th aj phired referendepoint which
serves as the end point, using a liné the typetof which Is desidnated by

the line type data (in this enbodinent, a stralght line) (step 3$5).
APPARATUS FOR GENERATING A CHARACTER PATTERN FOR A SERIAL PRINTER

The present invention relates to a character pattern
generation apparatus for producing dots based on outline data
indicative of a contour of a character or a figure, and more
particularly to a character pattern generation appératus

suitably used for a serial printer which prints a piece of

outline data by a plurality of printing passes.

An outline font has various advantages in that, since
a character or a pattern to be printed is stored in the form of
its contour data, the amount of memory capacity can be reduced
to store the data as compared with bit map data representing a
character or a pattern by dots, and in that the quelity of a
printed character is not deteriorated even when the size of the
character is reduced or magnified.

When a serial printer prints a pattern which is spread
over an area greater than a width of a printing pass, the
serial printer performs a plurality of printing passes to

complete the printing of the pattern while feeding a shset in

. . i . .. G
such a manner that the interline space is z&rd.

ry
[
n

When a figure which is indicatad by an outlina Iont
printed by the abova-mentioned printing method, coordinztes of

-

reference points constituting the outline font are converted
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into coordinate values in accordance with a degree of
magnification which is designated by attribute data. The
coordinate values are converted into bit map data. Then, only
bit date which correspond—-to a first printing pass are
extracted, and the printing is performed for the first printing
pass.” Then, bit map data in accordance with the degree of
magnification are generated from the same outline data in the
Same manner as described above, and only bit data corresponding
to a second printing pass are extracted, and then the printing
for the second printing pass is performed. The above process
is sequentially repeated.

As described above, bit map data in accordance with a

h

degres of magnification designatéd by attribute data are
generated for each printing pass. Then, only the part of bit
data which corresponds to the current printing pass is
segmented. Therefore, the operation of converting the outline
font data into bit data is required even.for a portion not
related to the printing, with the result that it takes a
prolonged period of time to output bit map data. Moreover, in

order to store bit data for all the area of the magnified

character, a memory having a large capacity is required.

-]

-

he present invention has been conducted in view of the

above-mentioned problems, and an object of the invention is to

provide a bit map data generation apparatus for a sesrial




-5{ Specifically, when the reference point PO' is assuned to be a starting
poi'nt, the reference point Pl ai red end point.
points are joined with each

whet her the straight line is
shown by FIG 6(1) or not (step S6).

strai ght

These reference

t &S SHEENgAR mLkaj ght | dine—anre—i-t—i-s—iudged
' hi%mheggrﬂéé%ﬁ t he |c REPEACEMBNT riHER

o

line is not within the area 3 06 NOV 1996

printer in which a developing time can be shortened and the
capacity of a working memory “can be reduced. This object is
solved by the apparatus of independent claim 1. Further
advantageous features and aspects of the invention are evident
from thé dependent claims, the description and drawings. The
claims are intended to be understood as a first non-limiting

approach of defining the invention in general terms.

According to a preferred aspect of the invention, a character
pattern generation apparatus for a serial printer comprises:
contour data storing means for storing <contour data
représenting a contour of a pattern correspondingly to a
character code, said contour data including starting point
coordinate data, end point coordinate data, and line type data
which designates a type of a line joining coordinates
indicated by said coordinate data with each other; means for
reading said contour data based on said character code stored
in an input buffer; operation means for calculating starting
point coordin;te data and end point coordinate data, based on
a2 degree of magnification which is designated by attribute
data stored in said input buffer, and said starting point
coordinate data and said end point coordinate data, and for
outputting coordinates of a starting point and coordinates of
an end point, said starting point and end point being in a
current pass area; contour reproducing means for outputting
punctual coordinates of a contour which are obtained by
joining said coordinates of the starting point with
coordinates of the end point output from said operation means,
using a line the type of which is designated by said line type
data; and means for outputting bit data based on said punctual

coordinates of the contour.

bass
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of "'t he current pass, a referenc | 1100 [ e A3, T he
.area i's calculated (FIG 6(1)), aﬁgsﬁﬁ"“b5@§$tﬁ§fe5' ﬁﬁhécﬁﬂfﬁfé%EETaklnt

P11 are stored as a starting poi i_IREPhACERXt pgss slep 88) e
contour-in pass reproduci ng neans 13 reproduces by dptsg king
menory 14 a line which joins the starting point PO, W h the ca | gt gd

g and

reference point P11 (step S9). When af operation for
end points is conpleted (step S10), the process retufns to step S5

The starting point coordinate data and end point
coordinate data which are read from the contour data storing
means are converted by the operation means into new coordinate
data in accordance with a required degree of magnification.
Among the coordinate data calculated by the operation means,
only the data related to the contour in a current printing pass
are extracted. The extracted data are converted into dot data.
The above process is executed for each printing pass, so that
only the coordinate data required for a current printing pass
are converted into dot data. Therefore, it is unnecessary to
perform a dot conversion for data of an area which is not

-~

related to the printing.

-

Fig. 1 1is a block diagram showing functions of a
microcomputer which constitutes a character pattern generation
apparatus of the invention;

Fig. 2 is a block diagram showing the configquration of
a character pattern generation apparatus for serial printer
according to an embodiment of the invention;

Fig. 3 is a diagram schematically showing an outline
font stored in a contour data storing apparatus;

Fig. 4 is &a flowchart showing the operaticn of the



i ng poi nt| RAPLACGEMENT rSHEET phs
tIn

whére a reference point which
int PO' [sg¢rveS as a st

ds retrieved. In this exanpl
poi nt of another contour lin at the e er@aq@\pgﬁjﬁ P2} .
In the same manner as described above, therefore, a loyeg |imt pol'nt [PL2

in the current pass is stored as the starting point of |t

pass (step S8), and the line in the carrent pass is reproduced by dots ijn

t he working nenory 14 (step S9).
Fig. 5 is a diagram showing coordinates in a case where

the outline font stored in the contour data storing apparatus
is magnified three times; and

Figs. 6(I), 6(IX), and 6(I11) are diagrams each showing
the relationship between a printing pass and a bit data

conversion area.

An embodiment of the invention will be described in
detail with reference to the accompanying figureé.

Fig. 2 shows a character pattern generation apparatus
according to an embodiment of the invention. In Fig. 2, the
reference numeral 1 denotes a contour data storing device. The
contour data storing device 1 stores contour data which
represent the contour line of a character or a pattern,

‘correspondingly to a character code. The contour data consist

the number of data, reference points of a plurality of

h

o]
lines, which represent a pattern, i.e., X coordinate values and
Y coordinate values of the starting points and the end points,
and line type data that specify the type of line joining the
starting point and the end point with each othér, e.g., a
straight line or a parabola.

The reference numeral 3 dsnotes a microcomputer which

)
ne

e
§ool

constitutes a bit map data generation device.

microcomputer 3 is so programmed as to output bit map data in

S
g



It

not

s a matter of course that the process of obtai nipg—a—t+he—-oni-hg
.starting point with an end pointHisSSHEET HASORARRT] ONl Y PbAGﬁMENiTlMET
calculation. In this stage, therefoORrgp.azpgeNOr Y| for developlng bit—ga

re- quired. When al |l the dot dataftor—eoensStitytin F‘golg?ﬁ he
of which is designated by the |ine ty%e data and whiijchf jorn Y ence
points of starting and end points with each other hgve-been-developbdii
t he worki ng

accordance with a character code and attribute data in an input

buffer 2 to a printing buffer 4.

Fig. 1 is a block diagram of the character pattern generating

apparatus showing functions to be performed e.g. by the above-mentioned

microcamputer 3. In Fig. 1, the reference numeral 10 denotes contour data

reading means which accesses the contour data storing device 1 based on the

character code in the input buffer 2, and outputs contour data.
The reference numeral 11 denotes coordinate operation means
which, based on a degree of magnification designated by
attribute data stored in the input buffer 2 and the reference
point coordinate data of the read-out contour data, calculates
new reference point coordinate data in accordance with the
degree of magnification. The reference numeral ‘12 denotes
segmnentation means which sets the coordinates of reference
points from the coordinate operation means 1l as.coordinates of
a starting point and end point, and which calculates, in the
contour line of the designated line type and joining the
coordinates of these starting point and end point, the
coordinates of a starting point and end point that exist in a
pass to be printed. The reference numeral 13 denotes
contour-in pass reproducing means for outputting to a working
memory 14 data of the contour which is obtained by joining the
coordinates of the starting point and end point calculated by
the segmentation means 12, using the line the type of which is
designated by the line type data. The reference numeral 15

denotes bit data conversion means. In this embodiment, the bit



mepory 14 (step S10), the bit data conversion neans l5-perforns-l.ogical
.calculations on the data devel ors SHEET Ngs WREFTING  MEMREPLAGEMBNG OSHERTNY Wi t h
the starting address and procg¢edi NnREPRAEES I OW {di r ecit i o i ¢al
cal cul ations, an exclusive OR operattomof—tkedcurrent} addr n
U088
eht

hnd

address proceedi ng or succeed- ing the7 current address
the result of this exclusive OR operation is witten i
address, so that data indicative of dots (for exanplje "1")

data conversion means 15 is so constructed as to represent the
contour line calculated by the contour in the pass reproducing
means 13, ;n the form of bits, and to in the sequence of the
main scanning direction perform a logical calculation on the
bits to generate bit data within the area surrounded by the
contour line.

The operation of the apparatus thus organized will be
described in an exemplary case where bit map data are generated
by magnifying outline data shown in Fig. 3 three times, with
reference to a flowchart of Fig. 4.

When an instruction to print is input (step Sl), the
coﬁtour data reading means 10 reads a character code stored in
the input buffer 2, and magnification data associated with the
data, and then reads out contour data corresponding to the
character céde from the contour data storing device 1 (step
S2). The coordinate operation means 11 calculates coordinate
values of respective reference points P0’, Pl’, P2,
Pn’ which are obtained by magnifying coordinate values of
reference points PO, P1, P2, P3 ... Pn a designated number of
times that is designated by attribute data (step S3) (Fig. 5).
The sagmentation means 12 defines an area which coincidses with
a current printing pass (step S4)(Fig. 6 (I)). Among the
calculated reference points P0‘, Pl‘, P2‘, P3‘..- Pn’, a
reference point which serves as a starting point in the defined

{I) is retrieved. The retriesved reiesrence

Oy

arza shown by Fig.

point is joined with a paired reference point which serves as



are written only in the area surrounded by the lin  RERLACEMENT) $fiFEL o

.operations are conpleted, th .are outputf tfo the printin uffer
4 (step S11). In the sane mahriE#S SHEETrH/&s missal printingg g ROVAPYs datd in
the printing buffer 4 are oukput ®REPIAGED nting head| 5| via a

. _

the end point, using a line the type of which is designated by
the line type data (in this embodiment, a straight line) (step
§5). Specifically, when the reference point PO’ is assumed to
be a starting point, the ref;rence point Pl’ is the paired end
point. These reference points are joined with each other using
a straight line, and it is judged whether the straight line is
within the area of the current printing pass shown by Fig. 6(I)
or not (step S§). _In this example, since a part of the
straight line is not within the area of the current pass, a
reference point Pll which is the lower limit in the area is
calculated (Fig. 6(I)), and the coordinates of the reference
_poiht Pll are stored as a starting point in the next pass (step
S8). The contour-in pass reproducing means 13 reproduces by
dots in the working memory 14 a line which joins the starting
point PO’ with the calculated reference point Pll (step S9).
When an operation for a pair of starting and end points is
completad (step S10), the process returns to step S5 where a
reference point which is another starting point in the current
pass is retrieved. 1In this example, the reference point PO’
serves as a starting point of another contour line which
terminates at the reference point P2‘. In the same manner as
described above, therefore, a lower limit point P12 in the
current pass is stored as the sta.*.;ting point of the next
printing pass (step 58), and the line in the current pass is

S5).

g

reproduced by dots in the working memory 14 (ste
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- 6.- drive circuit (not shown). For the generation @© )
region specified by contour dyEevarfrOsTrETiwils my bE8ERMOEMERT. Sty
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It is 2 matter of course that the process of obtaining
a line joining a starting point with an end point is performed
only by a numerical calculation. In this stage, therefore, a
memory for developing bit d;ta is not required.

When all the dot data for constituting the lines the
type 0f which is designated by the line type data and which
joins reference points of starting and end points with each
other have been developed in the working memory 14 (step S10),
the bit data conversion means 15 performs logical calculations
on the data developed in the working memory 14, beginning with
the starting address and proceeding in the row direction. 1In
the logical calculations, an exclusive OR operation of the
current address and an address proceeding or succeeding the
current address is conducted, and the result of this exclusive
OR operation is Qritten into the current address, so that data
indicative of dots (for example "1") are written only in the
area surrounded by the line. When the logical operations are
completed, thése dot data are output to the printing buffer ;
(step S11). 1In the same manner as in a usual printing, the dot
data in the printing buffer 4 are output to a printing head 5
via a drive circuit (not shown).

For the generation of bits within a region speciiied by
contour data, various methods may be employed. However, it is
obvious to those skilled in the art that, even when the contour

line 1is once represented by bit data and then Dbits are



ever, it is obvious to those skilled in the art that | BERLACEMEMT SHEET nt our
:line is once represented by bit_data and then bits aje[generated byl qgi cal
operations, a required nenmory WTsIS'SHEr P& B ane asijt ' tih

ﬁﬁj‘ {Usa‘)?%?dgged ﬁstep

printing buffer. When the pr}ntingeboicage st pash
S12), the segnmentation neans 1Z Gertm a-set pri pt b~-Rg—pass-LEHG

6(11)) (step S4). The reference point of a starting point in the second
printing pass is joined with
generated by logical operations, a required memory width may be

the same as the size of the printing buffer.
When the printing for the first pass is completed (step
S12), the segmentation means“lz defines a second printing pasg
(Fig. 6(II)) (step S4). The reference point of a starting
point "in the second printing pass is joined with that of a
' paired end point by a line the type of which is designated by
the line type data. In the second printing pass, the reference
point P11l which is obtained in the previous calculation serves
as an upper limit and starting point, and the reference point
Pl’ serves as an end point. These reference points are joined
with each other by a line segment the type of which is
designated by the line type data (step S5). Since a part of
this joining line is not within the second printing pass area,
a lower limit point P13 in the second pass is calculated in the
above-mentioned manner, and the coordinates of the point P13
are storad as a starting point in the third printing pass (Fig.
6(III) (step S8). Then, a line which joins the reference point
P11l with the reference point P13 is reproduced by dots in the
working memory 14 (step S9).
When an operation for one reference point is completed,
a next operation for a reference point P3’ which is another
starting point is performed. The reference point P3‘ and a
reference point P4’ which is an end point paired with the
refsrence po;nt P3’ are both in the current pass (stap S5), so

that the points P3‘ and P4’ are joined with each other by a
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that of a paired end point by a I ype of which i

Line type data. In the second pri WWgSPg@Q'SHAStmEN bf ef efhc int P11 lv\,hi ch
is obtained in the previous cal an:ioﬁ\ BACEDs as an pm%&&%ﬂ?&id stjart -
and the reference point Pl, serves as an ephdLpgoint. These

egment the type

i ng point,
ref erence points arejoined with each o&?er by a line
which is designated by the line type data (step S5).
joining line is not within the second printing pass area, a |ower

line the type of which is designated by the line type data.

limt

This line is reproduced by dots in the working memory 14.
Similarly, a line which joins the reference point P3’ with
another paired reference éoiﬁt P5’ is reproduced by dots in thé
working memory 14 (step S7).

When operations for all the reference points in the
second printing pass are completed in this way, the bit data
conversion means 15 converts the data in the working memory 14
into dot data in the above-mentioned manner, and the converted
dot data are output to the printing buffer (step S11).

Wnen the printing for the second printing pass is
completed (step S12), an area of the third printing pass (Fig.
6(III)) is defined (step S4), and the same operations are
executed on reference points P13 and P14 in this area.

When the printing for the character code stored in the
input buffer is completed in this way, the host apparatus is
requested to output the following data and the process
described above is repeated.

For the simplicity of description, the embodiment where
a single character code is input in the input buffer has been
described. It is obvious to those skilled in the art that, in
another case where a plurality of character codes are input iﬁ
the input buffer, the above-mentioned process is repeated for
each of the character codes so that bit datea magnified to a

degree designated by attribute data can be produced.



point P13 in the second pass ifs—eaeuated-in.the abqg

ve- nentl.oned—hah
.and the coordinates of the poi|nTPFYERF BAStERANd] as a |sREPLACEMENDI SHEET n

third printing pass (Fig 6(11I10)_(stBEPLAGED Then| a Iinﬁ
refer- ence point P11 with the reference point P13 id repég’-Nﬁé%b
In the working nmenory 14 (step S9). When an oper atji gn r fer
point is com pleted, a next operatﬂé% for a referencd_point P3' . whic
anot her starting point is perforned. The reference

y
3

-

N

In the embodiment, a single developing memory is used.
Alternatively, a plurality of developing buffer memories (e.g.,
two developing buffer memories) may be used. In this case,
data for a next pass can be ééveloped into bit map data during
a printing process, resulting in the data process speed being
improved.

Moreover, in the above-mentioned embodiment, a
magnified character is printed using outline font data which
are prepared as reference data. It is obvious to those skilled
in the art that, even when a reduced character is to be printed
using outline font data which are prepared as reference data,
the character can be reduced to a desired size by the
above-mentioned process.

As described above, according to a specific aspect of the

invention, the character pattern generation apparatus for a serial printer
comprises: contour data storing means for storing contour data
representing a contour of a pattern correspondingly to a
character code, said contour data including starting point
coordinate data, end point coordinate data, and line type data
which designates a type of a line joining coordinates indicated
by said coordinate data with each other; means for reading said
contour data.based on a character code stored in an input
buifer; operation means for calculating starting point

coordinate data and end point coordinate data, based on a

[$)]

degree of magnification which is designated by attribute da

stored in said input buffer, and said starting point coordinate

ner,
t he
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ref erence point P3' are both inj{ThHe SHEET HALBEENASS (S eREP,’FMgnggT
points P3'" and P4' are joined t h &&ebAacarher by a lipejthe type of
is designated by the |line type data. ThIsS TTIeE=Is repfogu 1996t
the working nenory 14. Simlarly, a liﬂf whi ch joins fhg reference pai
P3'" with another paired reference poi P5'" is reprodpced by dots int

point P3' and a reference point 24 which is an end poin

t
i

i.
't
r

work- ing nenory 14 (step S7).
data and said end point coordinate data, and for outputting

coordinates of a starting point and coordinates of an end
point, said starting point and end point being in a current
pass area; contour reproduézng means for outputting punctual
coordinates of a contour which are obtained by joining said
coordinates of the starting point with coordinates of the end
point output from said operation means, using a line the type
of which is designated by said line type data; and means for
outputting bit data based on said punctual coordinates of the
contour. Therefore, the printing can be performed by
periorming an operation only for bit data necessary for a
single printing pass. This means that, unlike the prior art,
the operation of converting coordinate data into bit data which
are unnecessary for printing the current pass is not reguired.
According to the invention, therefore, a high-speed printing
can be realized and a memory for bit map data conversion can be

reducad in size.
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When operations for all the refe ce poi nts in the second printing pass
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An apparatus for generating a character pattern for a serial
printer, comprising:

input buffer (2) for storing a character code and attribute

data which designates a degree of magnification;

. contour data storing means (1) for storing contour data
representing a contour of a pattern correspondingly to said
character code, said contour data including starting point
coordinate data, end point coordinate data, and line type data
which designates a type of a 1line Jjoining coordinates
indicated by said starting and end coordinate data with each

other;

means (10) for reading said contour data from said contour
data storing means (1) according to said character code stored

in said input buffer;

operation means (11) for calculating starting point coordinate
data and end point coordinate data, according to said degree
of magnification which is designated by said attribute data
stored in said input Dbuffer (2), said starting point
coordinate data and said end point coordinate data, to output
coordinates of a starting point and coordinates of an end
point, said starting point and end point being in a current

pass area;

contour reproducing means (13) for joining said coordinates of
the starting point with said coordinates of the end point
output from said operation means (1ll1) by a line the type of
which is designated by said line type data, to reproduce

punctual coordinates of a contour; and

means (15) for converting said punctual coordinates of the
contour from said contour reproducing means (13) into bit data

to output said converted bit data.
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An apparatus as claimed in claim 1, wherein said contour“\h
reproducing means (13) reproduces said punctual coordinates of

a contour by a numerical calculation.

An apparatus as claimed in claim 1 oxr 2, further comprising a
working memory (14) for developing dot data from said punctual
coordinates of the contour outpﬁé from said contour

reproducing means.

An apparatus. as claimed in claim 3, wherein said converting
means (15) performs logical calculations on said dot data
developed by said working memory (14) from said coordinates of

the starting point in a row direction.
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APPARATUS FOR GENERATING A CHARACTER PATTERN FOR A SERIAL

. PRINTER

ABSTRACT

A character pattern generation apparatus for a serial printer,
comprises an input buffer (2)-for storing a character code and
attribute data; contour data storing means (1) for storing
contour data representing a contour of a pattern correspondingly
to the character code, the contour data including starting point
coordinate data, and point coordinate data, and line type data;
means (10) for reading the contour data from the contour data
storing means (1) according to the character code stored in the
input buffer (2); operation means (11) £for calculating new
starting point coordinate data and new end point coordinate data;
contour reproducing means (13) for joining the coordinates of the
starting point with the coordinates of the end point output from
the operation means by a line the type of which is designated by
the line type data, and means (15) for converting the punctual
coordinates of the contour from the contour reproducing means

(13) into bit data.

FIGURE 1
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menories (e.g., two devel opi ng fer penories) may be used. In this case,
data for a next pass can be devgl THISGHEHT iHALQ;RLL, map date—during a
printing process, result- ing iin_theRERAZEPr ocess speefl BEALAOEMENYT @H?Ejl‘
Mor eover, in the above-nentioned enbodi ment, =& gni f i pdfctraractef—s

printed using outline font data which.are prepared as fefe dat a.

is obvious to those skilled in the art2at hat, even when| g r@]@@f B -
acter is to be printed using outline font data which arje

t
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prepared as reference data, the
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of ‘a line joining coordinates indi cated by said coordi- nate data wth
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APPARATUS FOR GENERATING CHARACTER
PATTERN FOR SERIAL PRINTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a character pattern
generation apparatus for producing dots based on out-
line data indicative of a contour of a character or a
figure, and more particularly to a character pattern

" generation apparatus suitably used for a serial printer
wl.xic‘h prints 2 piece of outline data by a plurality of
punting passes.

2. Prior Art _

An outline font has various advantages in that, since
-a character or a pattern to be printed is stored in the
form of its contour data, the amount of memory capac-
ity can be reduced to store the data as compared with
bit map data representing a character or a pattern by
dots, and in that the quality of a printed character is not
deteriorated even when the size of the character is re-
duced or magnified.

When a serial printer prints a pattern which is spread
Qver an area greater than a width of a printing pass,. the
serial printer perfonns & plurality of printing passes to
complete the printing of the pattern while feedmg a
sheet in such a manner that the interline space is zero.

When a figure which is indicated by an outline font is
printed by the above-mentioned printing method, coor-
dinates of reference points constituting the outline font
are converted into coordinate values in accordance
with a degree of magnification which is designated by
attribute data. The coordinate values are converted into
bit map data. Then, only bit data which correspond to a
first printing pass are extracted, and the printing is per-
formed for the first printing pass. Then, bit map data in
accordance with the degree of magnification are gener-
ated from the same outline data in the same manner as
described above, and only bit data corresponding to a
second printing pass are extracted, and then the printing
for the second printing pass is performed. The above
process is sequentially repeated.

As described above, bit map data in accordance with

" a degree of magnification designated by attribute data
are generated for each printing pass. Then, only the part
of bit data which corresponds to the current printing
pass is segmented. Therefore, the operation of convert-
ing the outline font data into bit data is required even for
a portion not related to the pnntxng, with the resuit that
it takes a prolonged period of time to output bit map
data. Morcover, in order to store bit data for all the area

4 60L&CE~K

REPLACEMENT SHEET

22 JAN 1998




of ‘'which is desi gnated by said line type data; and means for outputting bit
.data based on said punctual coordi- nates of the contour. .
printing can be perfornmed by performng an operation only ORE%ACEWTaSHEET
necessary for a single printing pass. This means that, unl] kg The priot
art, the operation of converting coordi- nate data |nto bit dap @%Ncﬁg re
unnecessary for print- ing the current pags-is not required.{ ACCO
the invention, therefore, a high-speed printing can be real -
of the magnified character, 2 memory having a large
capacity is required. .

'SUMMARY OF THE INVENTION

The present invention has been conducted in view of
the above-mentioned problems, and an object of the
invention is to provide 1 bit map data generation appa-
ratus for a serial printer in which a developing time can
beshortened and the capacity of a working memory can
be reduced.

In order to solve the above-mentioned problems, a
character pattern generation apparatus for a serial
printer according to the invention comprises: contour
data storing means for storing contour data representing
a contour of & pattern correspondingly to a character
code, said contour data including starting point coordi-
nate data, end point coordinate data, and line type data
which designates a type of a line joining coordinates
indicated by said coordinate data with each other;
means for reading said contour data based on said char-
acter code stored in an input buffer; operation means for

- calculating starting point coordinate data and end point
coordinate data, based on a degree of magnification
which is designated by attribute data stored in said input
buffer, and said starting point coordinate data and said
end point coordinate data, and for oqutputting coordi-
nates of a starting point and coordinates of an end point,
said starting point and end point being in a current pass
area; contour reproducing means for outputting punc-
tual coordinates of a contour which are obtained by
joining said coordinates of the starting point with coor-
dinates of the end point output from said operation
means, using a line the type of which is designated by

"said line type data; and means for outputting bit data

~ based on said punctual coordinates of the contour.

The starting point coordinate data and end point
coordinate data which are read from the contour data
storing means are converted by the operation means .
into new coordinate data in accordance with a required
degree of magnification. Among the coordinate data
calculated by the operation means, only the data related
to the contour in a current printing pass are extracted.
The extracted data are converted into dot data. The
above process is executed for each printing pass, so that
only the coordinate data required for a current printing
pass are converted into dot data. Therefore, it is unnec-
essary to perform a dot conversion for data of an area
which is not related to the printing,




i zed and a menory for bit map data conversion can be reduced in size.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing functions of a
microcomputer which constitutes a character pattern
generation apparatus of the invention;

FIG. 2 is a block diagram showing the configuration
of a character pattern generation apparatus for serial
printer according to an embodiment of the invention;

FIG. 3 is a diagram schematically showing an outline
font stored in a contour data storing apparatus;

FIG. 4 is a flowchart showing the operation of the
embodiment; '

FIG. § is a diagram showing coordinates in a case
where the outline font stored in the contour data storing
apparatus is magnified three times; and

" FIGS. &I), 6(II), and 6(11I) are diagrams each show-
ing the relationship between a printing pass and & bit
data conversion area.

-DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the invention will be described in
detail with reference to the accompanying figures.

FIG. 2 shows a character pattern generation appara-
tus according to an embodiment of the invention. In
FIG. 2, the reference numeral 1 denotes a contour data
storing device. The contour data storing device 1 stores
contour data which represent the contour line of a char-
acter or a pattern, correspondingly to a character code.
The contour data consist of the number of data, refer-
eace points of a plurality of lines, which represent a
pattem, i.c., X coordinate values and Y coordinate val-
ues of the starting points and the end points, and line
type data that specify the type of line joining the start-
ing point and the end point with. each other, c.g., &

. straight line or a parabola. :
The reference numeral 3 denotes a microcomputer
which constitutes a bit map data generation device. The
microcomputer 3 is so programmed as to output bit map
data in accordance with a character code and attribute
data in an input buffer 2 to a printing buffer 4. :
FIG. 1 is a block diagram showing functions to be

performed by the above-mentioned microcomputer 3.

In FIG. 1, the reference numeral 10 denotes contour

data reading means which accesses the contour data

storing device 1 based on the character code in the input
buffer 2, and outputs contour data. The reference au-
meral 11 denotes coordinate operation means which,
based on a degree of magnification designated by attri-
bute data stored in the input buffer 2 and the reference
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point coordinate data of the read-out contour data,

calculates new reference point coordinate data in accor-

dance with the degree of magnification. The reference

numeral 12 denotes segmentation means which sets the

coordinates of reference points from the coordinate

operation means 11 as coordinates of a starting point

and end point, and which calculates, in the contour line

of the designated line type and joining the coordinates

of these starting point and end point, the coordinates of
& starting point and end point that cxistinapasstobe

printed. The reference numeral 13 denotes contour-in

pass reproducing means for outputting to a working

memory 14 data of the contour which is obtained by

joining the coordinates of the starting point and end.
point calculated by the segmentation means 12, using
the line the type of which is designated by the line type

data. The reference numeral 15 denotes bit data conver-

sion means. In this embodiment, the bit data conversion

means 15 is so constructed as to represent the contour

line calculated by the contour in the pass reproducing
means 13, in the form of bits, and to in the sequence of
the main scaaning direction perform a logical calcula-

tion on the bits to generate bit data within the area
surrounded by the contour line.

"The operation of the apparatus thus organized will be
described in an exemplary case where bit map data are
generated by magnifying outline data shown in FIG. 3
three times, with reference to a flowchart of FIG. 4.

When an instruction to print is input (step S1), the
contour data reading means 10 reads a character cade
stored in the input buffer 2, and magnification data
associated with the data, and then reads out contour
data corresponding to the character code from the con-
tour data storing device 1 (step S2). The coordinate
operation means 11 calculates coordinate values of re-
spective reference paints PO’, P1', P2', P¥' .. . Pn’ which
are obtained by magnifying coordinate values of refer-

ence points PO, P1, P2, P3 ... Pn a designated number
of times that is designated by attribute data (step S3)
(FIG. 5). The segmentation means 12 defines an area
which coincides with a current printing pass (step S4)
(FIG. 6 (I)). Among the calculated reference points P,
P1', P2, P3' ... Pn’, a reference point which serves as
a starting point in the defined area shown by FIG. 6(I)
is retrieved. The retrieved reference point is joined with
a paired reference point which serves as the end point,
qusing a line the type of which is designated by the line
type data (in this embodiment, a straight line) (step S5).
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dmeans for storing contour data representing a contour}o

character pattern that extends over a plurality of printing :
passes and corresponding to said character code, sai d{ cpniZodiJABL1%98

i ncl uding starting point coordi- nate data, end pointjcpordinate

data, and |line type data which designates a type of ajlifne jolning
coor - di nates indicated by said Staart | ng and end coor di_-

Specifically, when the reference point PO’ is assumed to
be a starting point, the reference point P1' is the paired
end point. These reference points are joined with each
other using;a straight line, and it is judged whether the

" straight line is within the area of the current printing
pass shown by FIG. 6(I) or not (step S6). In this.exam-
ple, since a part of the straight line is nat within the area
of the current pass, a reference point P11 which is the
lower limit in the area is calculated (FIG. &(I)), and the
coordinates of the reference point P11 are stored as a
starting point in the next pass (step S8), The contour-in
pass reproducing means 13 reproduces by dots in the
working memory 14 a line which joins the starting point
PO, with the calculated reference point P11 (step S9).
When an operation for a pair of starting and end points
is completed (step S10), the process returns to step S5
where a reference point which is another starting point
in the current pass is retrieved. In this example, the
reference point PO’ serves as a starting point of another
contour line which terminates at the reference point
P2'. In the same manner as described above, therefore,
a lower limit point P12 in the current pass is stored as
the starting point of the next printing pass (step S8), and
the line in the current pass is reproduced by dots in the
working memory 14 (step S9).

It is a matter of course that the process of obtaining a
line joining a starting point with an end point is per-
formed only by a numerical calculation. In this stage,
therefore, a memory for developing bit data is not re-
quired.

When all the dot data for constituting the lines the
type of which is designated by the line type data and
which joins reference points of starting and end points
with each other have been developed in the working
memory 14 (step S10), the bit data conversion means 15
performs logical calculations on the data developed in
the working memory 14, beginning with the starting
address and proceeding in the row direction. In the
logical calculations, an exclusive OR operation of the
current address and an address proceeding or succeed-
ing the current address is conducted, and the result of
this exclusive OR operation is written into the current
address, so that data indicative of dots (for example “1")
are written only in the area surrounded by the line.
When the logical operations are completed, these dot
data are output to the printing buffer 4 (step S11). In the
same manner as in a usual printing, the dot data in the

_printing buffer 4 are output to a printing head § via a
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start of each one of said printing passes, starting}pprnt—coordr-
nate data and end point coordi nate data for a por- [ )n# ﬁﬁ@! %98

character pattern to be printed in said one of saidjpliMTNg passeqy
according to said de- - -

drive circuit (not shown).

For the generation of bits within a region specified by
contour data, various methods may be employed. How-
ever, it is obvious to those skilled in the art that, even
when the contour line is once represented by bit data
and _then bits are generated by logical operations, a
required memory width may be the same as the size of
the printing buffer.

When the printing for the first pass is completed (step
§12), the segmentation means 12 defines a second print-
ing pass (FIG. 6(II)) (step S4). The reference point of a
starting point in the second printing pass is joined with
that of a paired end point by a line the type of which is
designated by the line type data. In the second printing
pass, the reference point P11 which is obtained in the
previous calculation serves as an upper limit and start-
ing point, and the reference point P1, serves as an end
point. These reference points are joined with each other
by a line segment the type of which is designated by the
line type data (step SS5). Since a part of this joining line
is not within the second printing pass area, a lower limit
point P13 in the second pass is calculated in the above-
mentioned manner, and the coordinates of the point P13
are stored as a starting point in the third printing pass
(Fig. 6(1I1) (step S8). Then, a line which joins the refert

ence point P11 with the reference potnt F13 £ repro-
duced by dots in the working memory 14 (step S9).

When an operation for one reference point is com-
pleted, 1 next operation for a reference paint P3 which
is another starting point is performed. The reference
point P3’ and a reference point P4’ which is an end point
paired with the reference point P3’ are both in the cur-
rent pass (step S6), so that the points P3' and P4’ are
joined with each other by a line the type of which is
designated by the line type data. This line is reproduced
by dots in the working memory 14. Similarly, a line
which joins the reference point P3’ with another paired
reference point P§’ is reproduced by dots in the work-
ing memory 14 (step S7).

When operations for ail the reference points in the
second printing pass are completed in this way, the bit
data conversion means 15 converts the data in the work-
ing memory 14 into dot data in the above-mentioned
manner, and the converted dot data are output to the
printing buffer (step S11). :

When the printing for the second printing pass is
completed (step S$12), an area of the third printing pass
(FIG. 6(111)) is defined (step S4), and the game opera-
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tions are executed on reference points P13 and P14 in
this area. .

When the printing for the character code stored in
the input buffer is completed in this way, the host appa-
ratus is requested to output the following data and the
process described above is repeated.

For the simplicity of description, the embodiment
where a single character code is input in the input buffer
has been described. It is obvious to those skilled in the
art that, in another case where a plurality of character
codes are input in the input buffer, the above-mentioned
process is repeated for each of the character codes so
that bit data magnified to a degree designated by attri-
bute data can be produced.

In the embodiment, a single developing memory is
used. Alternatively, a plurality of developing buffer
memories (e.g., two developing buffer memories) may
be used. In this case, data for a next pass can be devel-
oped into bit map data during a printing process, result-
ing in the data process speed being improved.

Moreover, in the above-mentioned embodiment, a
magnified character is printed using outline font data
which are prepared as reference data. It is cbvious to
those skilled in the art that, even when a reduced char-
acter is to be printed using outline font dats which are
prepared as reference data, the character can be re-
duced to a desired size by the above-mentioned process.

" As described above, according to the invention, the

character pattern generation spparatus for a serial
printer comprises: contour data storing means for stor-
ing contour data representing a contour of a pattern
correspondingly to a character code, said contour data
including starting point coordinate data, end point coor-
dinate data, and line type data which designates a type

Bate data with each other; means for reading said con-
tour data based on a character code stored in an input

. of a line joining coordinates indicated by said coordi--

buffer; operation means for calculating starting point -
coordinate data and end point coordinate data, based on |

& degree of magnification which is designated by attri-
bute data stored in said input buffer, and said starting
point coordinate data and said end point coordinate

" data, and for outputting coordinates of a starting point

and coordinates of an end point, said starting point and

“end point being in a current pass area: contour repro-

ducing means for outputting punctual coordinates of a
contour which are obtained by joining said coordinates
of the starting point which coordinates of the end point
output from said operation means, using a line the type




thé end point output fromsaid operation neans by ail

which is designated by said |ine type data, to repred
coordi nates of a contour; and means for converting
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of which is designated by said line type data; and means
for outputting bit data based on said punctual coordi-
nates of the contour. Therefore, the printing can be
performed by performing an operation only for bit data
necessary for a single printing pass. This means that,
unlike the prior art, the operation of converting coordi-
nate data into bit dats which are unnecessary for print-
ing the current pass is not required. According to the
invention, therefore, a high-speed printing can be real-
ized and a2 memory for bit map data conversion can be
reduced in size.




claimed in claim1,

further com p
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dot data from said punctual coordi riak w”ﬂf @ ur outpu

contour reproduci ng neans. 4. An appdratuss _ _ _
sai d converting means perforns |ogical calculations on said.| dot 2dajAN 1998

devel oped by said working nenory from said coordi nates of t

point in a row direction. -9 -

t is claimed is: :

L. An apparatus for generating a character pattern for

a serial printer with which 2 character pattern is printed
in a plurality of printing passes, comprising:

input buffer for storing a character code and attribute

data which designates a degree of magnification;

contour data storing means for storing contour data

representing a contour of a complete character
pattern that extends over a plurality of printing
passes and corresponding to said character code,
said contour data including starting point coordi-
nate data, end point coordinate data, and line type
data which designates a type of a line joining coor-
dinates indicated by said starting and end coordi-
nate data with each other;

mieans for reading said contour data from said con-

tour data storing means according to said character
code stored in said input buffer;

operation means for calculating, at the start of each

one of said printing passes, starting point coordi-

-nate data and end point coordinate data for a por-

tion of said character pattern to be printed in said
one of said printing passes, according to said de-
gree of magnification designated by said attribute
data stored in said input buffer, said starting point
coordinate data and said end point coordinate data,
to output coordinates of a starting point and coor-
dinates of an end point, said starting point and end
point being in an area of said one of said printing
passes;

contour reproducing means for joining said coordi-

nates of the starting point with said coordinates of
the end point output from said operation mesans by
a line the type of which is designated by said line
type data, to reproduce punctual coordinates of a
contour; and

means for converting said punctual coordinates of the

contour from said contour reproducing means into
bit data to output said converted bit data.

2. An apparatus ss claimed in clsim 1, wherein said

contour reproduces means reproduces said punctual
coordinates of a contour by a numerical calculation.

3. An apparatus as claimed in claim 1, further com-

px:ising a working memory. for developing dot data from
said punctual coordinates of the contour output from
said contour reproducing means.

4. An apparatus ss claimed in claim 3, wherein said

converting means performs logical calculations on said.
dot data developed by said working memory from said
coordinates of the starting point in a row direction.

inmed in ¢dajm3, wherein
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ARPARATUS FOR GENERATING CHARACTER PATTERN FOR
SERIAL PRINTER

ABSTRACT

A character pattern generation apparatus for a serial
printer, comprises an input buffer for storing a charac-
ter code and attribute data; contour data storing means
for storing contour data representing a contour of a
pattern correspondingly to the character code, the con- .
tour data including starting point coordinate data, end
point coordinate data, and line type data; means for
reading the contour data from the contour data storing
means according to the character code stored in the
input buffer; operation means for calculating new start-
ing point coordinate data and new end point coordinate
data, according to the degree of magnification which is
designated by the attribute data, the starting point coor-
dinate data and the.end point coordinate data, to output
coordinates of a starting point and coordinates of an end
point, the starting point and end point being n a current
pass ares; contour reproducing means for joining the
coordinates of the starting point with the coordinates of
the end point output from the operation means by a line
the type of which is designated by the line type data, to
reproduce punctual coordinates of a contour; and
means for converting the punctual coordinates of the
contour from the contour reproducing means into bit
data to output the converted bit data.

FIGURE 1



